Abstract: The present paper describes the chemical composition and antimicrobial activity of the essential oils of Gentiana asclepiadea L., collected in Serbia. The essential oils were obtained from the underground part (root and rhizome) and aerial part (stem, leaves and flowers) of the plant by hydrodistillation and analyzed by GC and GC-MS. The major compounds in the oil from the underground part were caryophyllene oxide (7.32 %), β-damascenone (6.98 %) and β-ionone (2.79 %). The main constituents identified in the oil from the aerial part of G. asclepiadea were toluene (3.79 %), tetradecanoic acid (3.37 %), linalool (3.17 %) and caryophyllene oxide (2.97 %). The antimicrobial activity of the essential oils was tested against some bacteria strains and Candida albicans using the twofold dilution method in the concentration range of 5.00 -0.078 µL mL -1 . Klebsiela pneumoniae was very sensitive to the oil from the underground part with a minimum inhibitory concentration (MIC) of 0.62 µL mL -1 . The oil from the aerial part exhibited a maximum activity against M. lysodeikticus and C. albicans, with MIC values of 2.5 µL mL -1 for both strains.
INTRODUCTION
Gentiana is the largest genus of the family Gentianaceae. 1 Gentiana species are distributed in Europe, Asia, North America and South America; the genus comprises over 300 species. 2 Plants belonging to this genus are best known for their biter taste. 3 The dried root and rhizomes of several Gentiana species are widely used throughout the world as hepatoprotective agents (quench the fire of the liver and gall bladder), remedies for poor appetite and digestive problems. 3, 4 Gentiana asclepiadea L. is perennial herb, growing up to 100 cm, with a strong developed rhizome. The Serbian local name for this plant is "grass of jaundice" and the root of G. asclepiadea has been traditionally used as medicine for hepatitis A virus infections. 5 The herb is known to contain alkaloids, 6 bitter principles, secoiridoid-glycosides and xanthones. 4 Only one phytochemical study on the genus Gentiana has been reported, which describes the analysis of the volatiles from essential oils obtained from dried aerial parts (flowers and leaves) of Gentiana asclepiadea from Bulgaria. 2 A literature survey showed no previous reports of the analysis of the volatile compound from roots of Gentiana asclepiadea. In addition, the difference in the identified components and percentage amounts could be attributed mainly to drying conditions and geographic and climatic factors. 7 To the best of our knowledge, there are no published reports on antimicrobial activity of the essential oils of G. asclepiadea.
The antimicrobial activity of herbs has been known and described for several centuries. 8 Medicinal and aromatics plants have traditionally been used in folk medicine, showing inhibition against bacteria, fungi and yeasts. Most of their properties are due to essential oils produced by their secondary metabolism. 9, 10 In recent years a large number of essential oils and their constituents have been investigated for their antimicrobial properties against bacteria and fungi. 11 Essential oils and extracts from several plant species are able to control microorganisms related to skin, dental caries and food spoilage, including Gram-negative and Gram-positive bacteria. 12 Therefore, the present study was focused on the chemical composition and antimicrobial properties of the essential oils of wild-growing G. asclepiadea from Serbia.
EXPERIMENTAL

Plant Material
Plant material was collected from Jadovnik Mountain (Gostun-Kumanica, at the Serbia-Montenegro border), during the flowering season (October 2008). A voucher specimen (No. 16337) was prepared and deposited in the Herbarium of the Department of Botany, Faculty of Biology, University of Belgrade, Belgrade, Serbia.
Isolation of Essential Oils
Air-dried underground and aerial parts of G. asclepiadea were subjected to hydrodistillation for 3 hours using a Clevenger-type apparatus to obtain the oils. Anhydrous sodium sulphate was used to absorb the little water that the essential oils contained. The oils were then stored at +4 °C until tested. The oils yields were calculated on a dry weight basis as 0.3 % (v/w) for underground and 1.1 % (v/w) for the aerial part.
Chemical composition Gas Chromatography (GC)/Mass Spectrometry (MS).
The analyses were performed with an Agilent Technologies (Santa Clara, CA, USA) model 6890N gas chromatograph fitted with an HP-5MS fused silica column (5 % phenylmethyl polysiloxane, 30 m × 0.25 mm i.d., film thickness 0.25 µm, Agilent Technologies), interfaced with an Agilent Technologies mass-selective detector model 5975B operated by HP Enhanced ChemStation software (Agilent Technologies). The analytical conditions were as follows: injector and transfer line temperatures of 250 °C and 280 °C, respectively; oven temperature programmed from 60 °C (isothermal for 5 minutes) to 130 °C at a rate of 4 °C min -1 (isothermal for 10 minutes) and then at 4 °C min -1 to 240 °C; carrier gas, helium at 1 mL min -1 ; injection of 2 µL (10 % hexane solution); split ratio 1:50 when the split flow was 50 mL min -1 ; standard electronic impact MS source temperature 230 °C; MS quadruple temperature 150 °C ; mass scan range, 35-500 amu at 70 eV; scan velocity: 3.12 scans s -1 ; and resulting electron multiplier voltage 1200 V.
Gas Chromatography (GC). GC/FID analysis was performed on a 6890N gas chromatograph fitted with an HP-5MS fused silica column and an FID. All chromatographic conditions were the same as for the GC/MS analysis.
Component identification and quantification. The constituents of the volatile oils were identified by comparison of their mass spectra with those in the MS library (Wiley7Nist) incorporated in the HP Enhanced ChemStation software and those in literature, 13, 14 as well as by comparison of their retention indices with literature data. 14 In addition, the identification was assisted by comparison of their retention times with authentic samples. For quantification purposes, the relative area percentages obtained by FID were used. Twofold Dilution Method. The bacterial strains were cultured on Nutrient Agar for 24 h at 37 °C, while the fungus Candida albicans (ATCC 10259) was cultured on Saboraud Dextrose Agar at 37 °C for 48 h. The material obtained was suspended in sterile water with a density of 6.5 × 10 6 CFU mL -1 for the bacterial strains and 3 × 10 4 CFU mL -1 for the fungus. The minimal inhibitory concentration (MIC) of the oil was determined by the serial twofold dilution method according to the National Committee for Clinical Laboratory Standards. 15 A series of twofold dilutions of the oil, ranging from 5 µL mL -1 to 0.078 µL mL -1 , were prepared in Müller-Hinton broth supplemented with Tween-80 at a final concentration of 0.5 % (vol/vol), with the addition of 0.1 mL of bacterial spore suspension (6.5 × 10 6 CFU mL -1 ) and yeast spore suspension (3 × 10 4 CFU mL -1 ). The inoculations were incubated in 37 °C for up to 24 h (48 h for the yeast); the lowest concentration of the oil that inhibited the visible growth of each organism determined the MIC value. Tetracycline for the bacteria and fluconasol for the yeast were used as reference controls in the range of 5.00-0.078 µg mL -1 . The MIC values for tetracycline and fluconasol were determined in the same way as in the case of the analyzed oils. All determinations were performed in triplicate.
RESULTS AND DISCUSSION
The complex mixtures of the compounds in the essential oils characterized in this study are given in Table I , in which they are classified based on their chemical structures into 14 classes. The GC/MS and GC/RI data showed differences in the profiles of the compounds between underground (root) and aerial (stem, leaves and flowers) part of G. asclepiadea. In the oil of the underground part, which hitherto had not been investigated and reported, 140 constituents were identified, representing 95.9 % of the total oil. Oxygenated sesquiterpenes (8 compounds, 20 .03 %) were the main class and of these, caryophyllene oxide (7.32 %) predominated, followed by spathulenol (2.54 %) and τ-muurolol (2.53 %). Other important compounds were the oxygenated monoterpenes β-damascenone (6.98 %) and β-ionone (2.79 %). In the oil from underground part, the class of aliphatic hydrocarbons was represented by 13 compounds (8.4 %), of which tricosane (1.93 %) and heneicosane (1.67 %) were the principal compounds. The essential oil also contained smaller percentage of aldehydes (7.23 %), with hexadecanal (2.11 %) and pentadecanal (2.10 %) as the main constituents. Aromatic compounds (11 compounds) were not present in large quantities (5.43 %); eupatoriochromene (3.47 %) was found to be the major constituent.
The minor chemical compounds were characterized in the essential oil derived from the aerial part. Ninety compounds, constituting 92.64 % of the oil, were identified in the oil from the aerial parts. Oxygenated monoterpenes (9 compounds, 13.98 %) were the main class, of which linalool (3.17 %) was the major compound, followed by β-cyclocitrale (2.39 %) with lower amounts of β-damascenone (1.97 %) and α-terpineol (1.87 %). A higher percentage (10.8 %) of aliphatic hydrocarbons (12 compounds), with respect to the underground part of G. asclepiadea, was detected, with tricosane (2.26 %), docosane (2.05 %) and heneicosane (1.89 %) in similar amounts. The major aldehydes (10.86 %) were found to be 2,4-hexadienal (2.47 %), 1-methyl-1-cyclohexene-4-carboxaldehyde (1.55 %), 2-heptenal (1.27 %) and 2,4-octadienal (1.12 %). Aromatic compounds (12 compounds) represent a large fraction of the oil (10.93 %), with toluene (3.79 %) and eupatoriochromene (2.12 %) being the main constituents. The essential oil from aerial part also contained alcohols (10.62 %), with 1-hexanol (2.32 %), 1-heptanol (2.21 %) and 1-octen-3-ol (2.14 %) as the major constituents.
Previous chemical studies on the genus Gentiana seemed to indicate that straight chain aliphatic hydrocarbons, branched aliphatic hydrocarbons and alkylated benzenes were the most characteristic constituents in oils from the flowers and leaves. 2 Georgieva et al. 2 described, tridecane (5.6 %), tetradecane (4.9 %), pentadecane (3.8 %) and tricosane (5.8 %) as main the constituents of the essential oil from the flowers of G. asclepiadea, whereas tetramethylheptane (5.2 %), toluene (6.9 %) and ethylbenzene (4.1 %) were the main compounds of the oil from leaves. A comparison of the oils obtained from G. asclepiadea aerial parts from Bulgaria and Serbia showed some differences. In the study reported here, more constituents were identified in the oil from the aerial parts than in the previous work.
The results obtained in the evaluation of the antimicrobial activity of the essential oils are shown in Table II . The oil obtained from the root of G. asclepiadea exhibited significant antimicrobial activity, displaying strong activity for K. pneumoniae, S. aureus, B. subtilis, E. coli and C. albicans (MIC: 0.62, 2.5, 2.5, 2.5, and 5 µL mL -1 , respectively), while M. lysodeikticus seemed to be more resistant to the investigated oil. The oil from aerial part exhibited antimicrobial activity against all the tested microorganisms. The results of the twofold dilution method (Table II) indicated that the most sensitive microorganisms were M. lysodeikticus and C. albicans with MIC values of 2.5 µL mL -1 for the oil from the aerial part. The oil from aerial part displayed lower MIC values than the oil from the underground part.
The dominant components of the oils, i.e., caryophyllene oxide, linalool and long chain alcohols and aldehydes, were already investigated by other authors. [16] [17] [18] [19] [20] [21] [22] [23] The results showed activity of caryophyllene oxide against C. albicans with MIC values of 600 µg mL -1 . 16, 17 The antimicrobial activity of linalool has been scientifically proven, [18] [19] [20] and distilled fractions of essential oils which contained linalool displayed inhibition of some bacteria. 21 The oil obtained from the aerial part of G. asclepiadea contained elevated levels of long chain (C 6 -C 10 ) alcohols and aldehydes (see Table I ), which have antimicrobial properties. 21 In fact, long chain (C 6 -C 10 ) alcohols were particularly active against Gram-positive bacteria; 22 the antimicrobial properties of alcohols are known to increase with molecular weight. 23 The potent activity of the oil from the underground part might be attributed to its high content of sesquiterpenes and their derivatives (see Table I ). Sesquiterpenoids and their derivatives are credited with various biological actions, including antibacterial, antifungal, anti-asthmatic, antiinflammatory, and antineoplastic activities. 24 
CONCLUSIONS
Chemical analyses the essential oils from the underground and aerial parts of G. asclepiadea L. revealed very complex profiles. The oil from the underground part contained abundant amounts of terpenes, with a prevalence of oxygenated sesquiterpenes (20.03 %) and oxygenated monoterpenes (16.07 %), while the oil from aerial part was rich in long chain alcohols (10.62 %) and aldehydes (10.82 %), aliphatic hydrocarbons (10.8 %), aromatic compounds (10.93 %) and oxygenated monoterpenes (13.98 %).
The root oil exhibited a high antimicrobial activity against the important human pathogen K. pneumoniae. The essential oil of the aerial part displayed antimicrobial activity to varying degrees against all the tested strains. The maximum activity was observed against Gram-positive bacteria M. lysodeikticus and against the yeast C. albicans. This study indicates that the essential oils of G. asclepiadea possess in vitro antimicrobial activities against medically important pathogens.
И З В О Д ХЕМИЈСКИ САСТАВ И АНТИМИКРОБНА АКТИВНОСТ ЕТАРСКИХ УЉА ВРСТЕ
Gentiana asclepiadea L. У раду је дат хемијски састав и антимикробна активност етарских уља врсте Gentiana asclepiadea L., сакупљене у Србији. Етарска уља су добијена из подземног дела (корен и ризом) и надземног дела (стабло, лист и цвет) биљке, дестилацијом воденом паром и анализиранa GC и GC-MS методома. Главне компоненте уља подземног дела биљке су кариофилен оксид (7,32 %), β-дамасценон (6,98 %) и β-ионон (2,79 %). Главни идентигиковани састојци уљa надземног дела биљке су толуен (3,79 %), тетрадеканска киселина (3,37 %), линалул (3,17 %) и кариофилен оксид (2,97 %). Антимикробна активност (MIC) је одређена за поједине бактријске врсте и Candida albicans коришћењем методе двоструког разблажења, у концентрационом опсегу од 5,00-0,078 µL mL -1 . Klebsiela pneumoniae је испољила велику осетљивост према уљу подземног дела биљке са MIC вредношћу од 0,62 µL mL -1 . Уље надземног дела показало је максималну активност према M. lysodeikticus и C. albicans са MIC вредностима од 2,5 µL mL -1 за оба уља. 
